Abstract. Carcinoma of unknown primary is a type of malignant disease where the primary carcinoma cannot be identified by conventional examination, which presents challenges in diagnosis and therapy. This study aims to evaluate the detailed clinical value and indications of using fluorine-18-2-fluoro-2-deoxy-D-glucose positron emission tomography/computed tomography (F-18 FDG PET/CT) in a large sample. A total of 449 patients who were selected under strict standards were retrospectively included in this study. F-18 FDG PET/CT accurately detected the primary carcinoma in 115 of 449 patients whose primaries could not be detected by conventional examination (25.6%), with additional 27 false-positive patients. The most common primary site was the lung (34.8%). In addition, except for in metastatic melanoma (1/19, 5.3%) and axillary metastasis patients (2/49, 4.1%), F-18 FDG PET/CT had a comparative performance in detecting primary carcinoma in other pathological types and anatomical locations. The scan is able to guide treatment strategy modifications to some extent (130/449, 29.0%). We strongly recommend the use of F-18 FDG PET/CT in the early phase of examination. It is also recommended as a supplementary radiological method, and certain patients may benefit from its application in cases where regular examination is inconclusive. However, in metastatic melanoma or axillary metastasis patients where the primary site cannot be identified by routine examination, regular application of F-18 FDG PET/CT for the sole purpose of detecting the primary carcinoma should not be encouraged.
Introduction
Carcinoma of unknown primary (CUP) is generally defined as a category of histologically proven malignancy with a primary tumor that cannot be detected by conventional diagnostic methods (1) . As a type of heterogeneous disease, it accounts for 0.5-9% of all cases of malignant diseases (2) . Since the primary cannot be identified effectively, most patients receive empirical therapy in clinical practice with unsatisfactory outcome (3, 4) . Under these circumstances, although certain individuals with favorable prognoses benefit from therapy, the majority of such patients generally have poor outcome with a median life expectancy of less than 12 months (5, 6) .
Fluorine-18-2-fluoro-2-deoxy-D-glucose positron emission tomography/computed tomography (F-18 FDG PET/CT) has high sensitivity in detecting multiple malignancies, and is routinely applied clinically for staging, restaging and monitoring treatment (7) (8) (9) . In addition, a number of studies have indicated the crucial role of F-18 FDG PET/CT in CUP patients (10) (11) (12) (13) . Generally, the previous studies indicated that F-18 FDG PET/CT was able to detect the primary (9.6-47.2%) and guide the choice of treatment (29.4-47%) in approximately one-third of all patients (12, (14) (15) (16) (17) (18) . Although these studies provided useful evidence to guide clinical practice, their limitations were still significant, and further improvement is required. First of all, the definition of CUP was not unified and specific in previous studies. Secondly, certain studies did not exclude lymphoma and hematological malignant disease from the samples, which may have led to an underestimation of the actual detection rate. In addition, not all patients in the previous studies received biopsy to prove the metastases, or extensive conventional examination to identify the primaries. Furthermore, the most relevant studies had a small sample size that was generally no larger than 200 individuals. Finally, this issue was seldom investigated with respect to 
Materials and methods
Patients. The present study was approved by the ethics committee of Tianjin Cancer Institute and Hospital, China, and conducted in accordance with the Declaration of Helsinki. Written informed consent was obtained from the patientsor their family. In this retrospective study, selected cases were consecutively included among 26,763 patients who received an F-18 FDG PET/CT scan between January 2006 and October 2014 in Tianjin Medical University Cancer Institute and Hospital, China. All individuals had biopsy-proven malignant metastases. However, prior to receiving the F-18 FDG PET/CT scan, the primary could not be confirmed using regular methods, including detailed physical examination, routine serum tumor marker test and other imaging auxiliary examinations including chest X-ray, CT, magnetic resonance imaging (MRI), mammography (in females), cervical, abdominal and breast (in females) ultrasonography and endoscopy. The biopsy samples of all patients were stained using immunohistochemistry methods to exclude hematological malignant disease or lymphoma, and to preliminarily predict the primary location. Following the F-18 FDG PET/CT scan, the potential primary carcinoma was routinely confirmed by The 'LN or soft tissue -Other' group contained 7 patients with metastases from the thoracic or abdominal wall and 1 patient with metastases from the vagina.
b The 'Other' localization of metastases group contained 2 patients with metastases from the ovary, 1 patient with metastases from the bladder and 1 patient with metastases from the eyes. biopsy or imaging follow-up. The minimum follow-up period was 9 months, and patients who did not attend a follow-up appointment were excluded from the study. Finally, a total of 449 patients were included.
Imaging. The F-18 FDG PET/CT scan was performed using a Discovery ST PET/CT scanner or a Discovery PET/CT 710 scanner (GE Healthcare, Milwaukee, WI, USA). All patients fasted for at least 6 h, and the blood glucose concentration (BGC) of each patient was monitored prior to intravenous injection of F-18 FDG. For those poorly controlled diabetic patients with high BGC, 4-12 international units of fast-acting insulin were intravenously injected prior to tracer administration. The injection dose of radioactive tracer was calculated as 0.11-0.13 millicuries per kilogram of body weight. The F-18 FDG PET/CT scan was conducted according to a standard protocol. A whole-body scan from mid-thigh to vertex commenced at ~60 min after injection. Non-contrast-enhanced CT was conducted with a current of 120-170 mA, a voltage of 120 kV, a section thickness of 5 or 3.75 mm and a reconstruction interval of 5 or 3.75 mm. The attenuation-corrected PET image was scanned at 2 min per frame and reconstructed using CT data with iterative algorithms.
Image interpretation. Morphological, metabolic and fused PET/CT images were inspected in axial, coronal and sagittal view using Xeleris software from GE Healthcare. Three senior nuclear medicine physicians independently interpreted the PET/CT images (based on clinical pathological data, location, shape, CT attenuation and F-18 FDG uptake), and then reached a consensus to the diagnosis of all patients.
Statistical analysis. Categorical variables were recorded as numbers and percentages. The median and range were used to express abnormal distribution variables. All statistics were analyzed using SPSS 17.0 software (IBM SPSS, Armonk, NY, USA).
Results
Metastases and primary sites. The median age of patients was 58 years old (range, 13-83 years). A total of 261 male cases (58.1%) and 188 female patients (41.9%) were included in this study. The pathological type and localization of metastases are summarized in Table I .
Using F-18 FDG PET/CT, the primary sites of 115 cases were located (115 of 449, 25.6%) (Table II) . Representative cases are shown in Fig. 1 . Of these patients, 40 primaries were identified in the lung (34.8%), 16 in the nasopharynx (13.9%), 13 in the pancreas (11.3%), 11 in the tonsil (9.6%), 8 in the small intestine (7.0%), 6 in the stomach (5.2%), 4 in the larynx (3.5%), 4 in the ovary (3.5%), 3 in the esophagus (2.6%), 3 in the colorectum (2.6%), 2 in the kidney (1.7%), 1 in the male mammary gland (0.9%), 1 in the prostate (0.9%), 1 in the penis (0.9%), 1 in the cholecyst (0.9%) and 1 in the uterus (0.9%). In addition to the previously known metastases, F-18 FDG PET/CT identified additional metastatic foci in 131 of the 449 patients (29.2%).
Pathologically (Table III) .
We also analyzed the efficiency of F-18 FDG PET/CT in detecting the primary carcinoma according to different metastatic sites (sample size more than 20). Metastases initially identified in the head and neck (cervical and supraclavicular metastasis) accounted for the majority of patients (227 of 449, 50.6%). F-18 FDG PET/CT identified primary carcinoma in 66 of 227 patients (29.1%). Of these, 20 primaries were located in the lung (30.3%), 16 in the nasopharynx (24.2%), 11 in the tonsil (16.7%), 4 in the pancreas (6.0%), 3 in the stomach (4.5%), 3 in the larynx (4.5%), 2 in the small intestine (3.0%), 2 in the esophagus (3.0%), 1 in the ovary (1.5%), 1 in the colorectum (1.5%), 1 in the kidney (1.5%), 1 in the male mammary gland (1.5%) and 1 in the cholecyst (1.5%). Among the 49 patients who were initially identified as having axillary metastases, the primaries were determined by F-18 FDG PET/CT in just 2 patients (pancreas and small intestine; 2/49, 4.1%). In addition, F-18 FDG PET/CT successfully identified the primary sites in 19 of 49 osseous metastasis patients (38.8%), 5 of 28 inguinal metastasis patients (17.9%) and 5 of 22 cerebral metastasis patients (22.7%) (Table IV) . and immunotherapy plan due to the extra metastases and focal distribution identified by F-18 FDG PET/CT (2.4%). Among the 227 patients with metastases initially identified in the head and neck, 73 changed their treatment strategy following the F-18 FDG PET/CT scan (32.2%). Of these patients, 6 canceled their surgical treatment (2.6%) and 69 modified their chemotherapy and immunotherapy strategy (30.4%).
False positive identification of primary carcinoma. Other than the 115 patients whose primaries were correctly identified, the primaries of 27 patients were incorrectly identified, as proven by biopsy or follow-up. Of these patients, pathological biopsy indicated that 9 cases had benign lesions in the gastrointestinal tract, 3 patients in the thyroid, 1 patient in the mammary gland, 7 patients in the head and neck, and 4 patients in the lung. The primaries of the other 3 patients could not be confirmed by follow-up.
Discussion
At present, CUP is generally accepted as a type of malignant disease which differs from other metastatic malignant carcinomas in that the primary tumor site is not known. Accurate identification of the primary site and precise staging enhance the prognosis significantly (19) .
Previous studies performed exploratory work on the use of F-18 FDG PET/CT in CUP and gained instructive conclusions. However, in certain aspects, there is still a long way to go. For instance, Pelosi et al are considered to be the first team that focused on this topic back in 2006 (20) . Although their study innovatively evaluated the application of F-18 FDG PET/CT in CUP patients, with the small sample size of 68, it would be difficult to avoid bias. In 2008, a meta-analysis containing a relatively large sample of 430 patients further discussed this issue (21) . However, a series of confounding factors, including the definition of CUP, epidemiology, diagnostic level, types of auxiliary examination, imaging interpretation and enrollment standards may hamper the reliability of this study. In 2013, Wang et al analyzed a large sample containing 164 patients in China (12) . However, the study included patients without biopsy-proven metastasis or who had not had thorough conventional examination. In addition to these typical limitations, few studies stratified patients according to the different pathological types and metastatic locations. Tianjin Cancer Institute and Hospital is one of the largest cancer centers in China. Between January 2006 and July 2015, a total of 30,063 patients received a F-18 FDG PET/CT scan in our Department of Molecular Imaging and Nuclear Medicine. In this study, qualifying individuals were selected from among 26,763 patients who had received a F-18 FDG PET/CT scan between January 2006 and October 2014 using strict criteria. The primary carcinoma was successfully identified in approximately a quarter of CUP patients using standard F-18 FDG PET/CT after conventional examination methods had failed. This number was slightly lower than expected from referring to previous studies. Previous studies had indicated that the most frequently identified primaries in CUP identified by F-18 FDG PET/CT were lung or head and neck carcinoma (14, 22) . In this study, the F-18 FDG PET/CT scan revealed that the most common primary was the lung (40/115, 34.8%), followed by the nasopharynx, pancreas, tonsil, small intestine, stomach, larynx, ovary, esophagus, colorectum and kidney. Head and neck carcinoma, including primaries in the nasopharynx, tonsil and larynx (31/115, 27.0%), was still one of the most commonly occurring primaries among CUP patients. In addition, single cases were identified in the male mammary gland, prostate, penis, cholecyst and uterus. In contrast, 4,395 individuals exhibited biopsy-proven metastases initially and received F-18 FDG PET/CT prior to conventional examination. Of these patients, the primary sites of the majority (4064/4395, 92.5%) were successfully located by F-18 FDG PET/CT, which were further confirmed by biopsy, other auxiliary examination or follow-up. Thus, considering its high detection efficiency, early application of F-18 FDG PET/CT should be encouraged for locating the primaries prior to the use of other conventional examination methods for patients with metastasis. For patients whose primaries cannot be located by conventional examination, F-18 FDG PET/CT may also be used as an auxiliary method, with an expected detection rate of ~1/4. In those patients whose primary sites were successfully located, the majority originated from the lung and the head and neck (71/115, 61.7%).
CUP patients with metastases in the head and neck were separately analyzed in certain previous studies (13, 23, 24) . CUP accounts for ~2 to 9% of all patients with head and neck carcinoma (23) . Patients may receive accurate surgery and radiation therapy, and benefit from the precise identification of primary carcinoma (13) . In the present study, metastases initially presenting in the head and neck accounted for the majority of patients. The performance of F-18 FDG PET/CT in detecting primary carcinoma in this subgroup (29.1%) was comparative with its potency across all CUP patients. Of the patients whose primary sites were located, the lung (30.3%) and the head and neck (nasopharynx, tonsil and larynx) (45.5%) were the most common primaries. In addition, we performed stratification analysis according to the various pathological types and locations (patient number more than 20). In CUP patients with squamous cell carcinoma metastasis (30.6%), adenocarcinoma metastasis (20.7%), small-cell carcinoma metastasis (11.5%), osseous metastasis (38.8%), inguinal metastasis (17.9%) and cerebral metastasis (22.7%), we suggest that F-18 FDG PET/CT may be selectively applied clinically.
In the present study, we observed that F-18 FDG PET/CT had an extremely low detection rate in locating the primary carcinoma of metastatic melanoma and axillary metastasis in CUP patients. Melanoma derives from melanocytes, and is a type of lethal malignant disease (25) . The survival rate of patients and their treatment strategy are closely related to the extent and stage of disease at the first visit to the clinic (26) . However, large-sample studies have indicated that in ~2-3% of melanoma cases, metastases were initially observed without detecting the primary carcinoma (27) , which often led to difficulty in treatment. Particularly in patients with only metastatic lymph nodes or cutis, it is difficult to distinguish between distant and regional metastases, which is critical to the treatment strategy. F-18 FDG PET/CT is a useful tool and a particularly significant method in staging cutaneous and noncutaneous melanoma, respectively (28, 29) . Also, although argument existed, it demonstrated a positive performance in monitoring relapse and judging the prognosis of cutaneous melanoma patients (29) .
Currently, although F-18 FDG PET/CT has proven its potent diagnostic effect, only a few case reports have focused on its diagnostic role in metastatic melanoma of unknown primary. As far as we know, this study with a sample size of 19 metastatic melanoma patients is one of the largest studies on this topic. In this study, among the 19 patients with metastatic melanoma, the primary site (small intestine) of only one patient was identified by F-18 FDG PET/CT (1/19, 5.3%). In addition, F-18 FDG PET/CT only led to treatment modification for one patient (canceled surgery), due to identification of further malignancy (1/19, 5.3%). Thus, considering the low detection rate, we do not recommend regular application of F-18 FDG PET/CT for the sole purpose of locating the primary site in metastatic melanoma patients, if conventional methods have failed to identify this.
Clinically, malignant diseases that initially present with axillary metastasis are most commonly observed in breast malignancies (30) . Due to the high diagnostic performance of mammography, breast ultrasonography and MRI (31, 32) , the primaries of almost all patients with breast malignancies were detected initially, and so such patients were not included in our study. Thus, in the present study, CUP patients presenting with axillary metastasis usually had extra mammary malignant diseases or occult breast malignancies that are difficult to detect with the commonly used methods. As far as we know, there is little relevant research in this field, with the exception of the study of Bertozzi et al (30) . Based on our data, F-18 FDG PET/CT has an extremely low detection rate in CUP patients with axillary metastasis (4.1%). As a result, we have serious concerns as to the clinical benefit of wide application of F-18 FDG PET/CT in detecting primary carcinoma of CUP patients with axillary metastasis in cases where conventional examination has failed to identify the primaries.
Previous studies have indicated that F-18 FDG PET/CT is able to detect primaries and extra metastases that were previously undetected, which leads to treatment strategy Patients n whom primaries were successfully detected by F-18 FDG PET/CT were stratified according to the anatomical position of metastasis. Subgroups with a patient number greater than 20 are listed, with the exception of patients with axillary metastasis. Among the 49 patients whose metastases were initially identified in the axilla, the primary sites of only two patients were identified by F-18 FDG PET/CT in the pancreas and small intestine. F-18 FDG PET/CT, fluorine-18-2-fluoro-2-deoxy-D-glucose positron emission tomography/computed tomography.
modification (14) . According to previous data, approximately one-third of all patients (29.4 to 33.8%) changed their treatment strategy, guided by F-18 FDG PET/CT (12, 14, 16) . This study was consistent with previous studies, and our data confirmed that F-18 FDG PET/CT led to treatment modification in 29% of all patients and 32.2% of head and neck metastasis patients. Thus, for the purpose of treatment instruction, we recommend active application of F-18 FDG PET/CT, and certain patients are likely to benefit from it.
In conclusion, to the best of our knowledge, the present study currently has the largest sample size in this field of research. F-18 FDG PET/CT has proven its clinical value in CUP patients. Its use is expected to identify the primaries in certain patients, and such patients are likely to benefit from its application. The most common primary sites appear at the lung and head and neck. Clinically, the use of F-18 FDG PET/CT should be encouraged earlier in CUP patients, or it should be applied as a complementary radiological method if conventional examination fails, except in cases of metastatic melanoma and in patients with axillary metastasis. For CUP patients with a pathological type of melanoma or a metastatic location in the axilla, we doubt the effectiveness and clinical benefit of the F-18 FDG PET/CT scan, in view of its extremely low positive rate.
